Aim Management of low anterior resection syndrome (LARS) requires a high degree of patient engagement. This process may be facilitated by online health-related information and education. The aim of this study was to systematically review current online health information on LARS.
Introduction
Restorative proctectomy is increasingly being performed for rectal cancer as surgeons continue to push the limits of sphincter preservation [1, 2] . However, despite avoiding a permanent ostomy, many patients are left with significant bowel dysfunction. Low anterior resection syndrome (LARS) encompasses a collection of bowel symptoms, such as frequency, urgency, incontinence and clustering of bowel movements [3] , that can affect as many as 70-90% of patients [4, 5] . While symptoms may improve in the first 1-2 years after surgery, longterm bowel dysfunction can persist in over 70% of patients and major dysfunction in over 50% [6] [7] [8] . LARS remains a significant concern for survivors of rectal cancer surgery as increased severity correlates with worse perceived global health status and quality of life (QoL) [5, 8, 9] .
Symptoms of LARS are unpredictable and variable, and, as such, management is empirical and symptombased [4] . Much of the care requires effective troubleshooting and self-management behaviours, and appropriate education could help motivate patients to better engage in their own care. Given that LARS is a fairly complex disorder, patients may turn to the Internet for information. The Internet has rapidly become one of the greatest sources of medical information for patients, given how easy, affordable and efficient it is to access [10, 11] . Research suggests that over 80% of Internet users look for health information online [12] , and that most patients are interested in using the Internet to answer their medical questions [13] . Patients searching the Internet also feel more empowered about their healthcare [14, 15] , and report that satisfaction with health-related educational information reduces emotional distress [16] . However, the quality of online medical information for patients can be quite variable. Reading materials are rarely written at the American Medical Association recommended sixth-grade (age 11-12 years) reading level [17] [18] [19] , they often lack important content [20] , may not be conducive to learning or may be inaccurate [21] .
The purpose of this study was to assess the readability, quality, suitability, accuracy and content of online health information for patients with LARS in order to identify the best available materials for patients and to understand the most common strengths and deficiencies among websites. As a secondary aim we wanted to identify any differences in these assessments by website affiliation.
Method Search strategy
The search terms 'low anterior/anterior resection syndrome' and 'bowel function/movements after rectal cancer surgery' were both used in Google, Yahoo and Bing to yield six sets of search results. Identical searches were performed in two cities -Montreal, Canada and Toronto, Canada -in the months of July and August 2017. Each of the six searches was limited to the first six web pages (60 websites), as it has been demonstrated that 99% of Internet users do not search beyond the first 50 websites for health information [22] . Two independent reviewers (RG and NWC) screened each unique website for inclusion, based on the following criteria: (1) English-language only; (2) free of charge; (3) explicitly designed for patients to read alone, without the support of a healthcare professional; and (4) the website featured, at a minimum, a dedicated section on postoperative bowel function. After compiling a final list of websites for inclusion, each website was presented to a third reviewer (senior author, MB) who agreed on its inclusion. Websites were excluded if they were intended for healthcare professionals or required a healthcare professional's support when reading them. Websites were also excluded if they were password protected, support groups/blogs, the wrong type of website (advertisement, news article, book, video only) or irrelevant to LARS. The need for internal review board approval was waived at our institution as the information being studied was already in the public domain.
Website affiliation
Websites were classified into four mutually exclusive categories: (1) academic, if the website had a '.edu' domain or was clearly part of a university's webpage; (2) governmental, if the website had a '.gov' domain; (3) nonprofit, if the website had a '.org' domain; or (4) private, if the website did not fit into any of the categories above and belonged to a private holder. Website domains were confirmed using the WHOis.net database [23] .
Readability
Eight standardized tests were used to compute the median readability score for each website, as the use of multiple tests has been shown to improve reliability and accuracy of readability scores [24] . The following tests were used: the Coleman-Liau index, the Flesch-Kincaid grade level, the FORCAST readability formula, the Fry readability graph, the Gunning fog index, the New Fog Count, the Raygor readability estimate and the SMOG (simple measure of gobbledygook) readability formula. Median readability levels were then compared with educational equivalences. Readability was assessed using the Readability Studio Professional Edition version 2015.1 software (Oleander Software Ltd, Pune, Maharashtra, India).
Suitability
The Suitability Assessment of Materials (SAM) is a validated instrument to objectively assess the suitability of health information materials for a particular audience.
The SAM rates six domains: content, literacy demand, graphics, layout and type, learning stimulation and motivation, and cultural appropriateness. Each area contributes three or four SAM factors to give a total of 22 items in the instrument. Each item is given a score a 0 (not suitable), 1 (adequate), or 2 (superior) depending on objective criteria described in the instrument. The maximum number of points per website is 44. If a particular item is not relevant to the website, it can be subtracted from the denominator. The final assessment depends on the total score: superior (70-100%), adequate (40-69%) or not suitable (0-39%). Mean SAM scores for each item, from all three reviewers, were also calculated to identify global areas of weakness across all websites.
Quality
The DISCERN instrument is a validated tool designed to help consumers of health information judge the quality of written information about treatment choices. It includes 15 questions, 8 of which relate to the reliability of the publication and 7 of which focus on specific details of the information. The sixteenth question relates to the overall quality of the material and takes into account responses from questions 1-15. Each question is rated from 1-5 (1, poor quality; 5, excellent quality) [25] .
Accuracy
Accuracy was determined by an expert panel of three experienced colorectal surgeons (PS, SDW, MB). Each item was read independently and inaccurate statements were identified. A fourth individual (RG) identified a priori the total number of statements for each website, to ensure a consistent denominator for each expert. The proportion of accurate statements was then calculated for each website, based on an average of the three experts' evaluations. Median accuracy was reported for all websites.
Content
The same panel of three colorectal surgeons (PS, SDW, MB) created a LARS-specific content checklist to assess the content of each website. The checklist was created through an iterative process with the following question in mind: if you were designing a LARS website for patients, what information would you want included? Each website was then assessed using the checklist by three separate reviewers (RG, NWC, AP), and items were reported as either being present or absent (binary outcome). The proportion of websites that included information on each item was reported.
Statistical analysis
The suitability, quality and content of included websites were assessed independently by three trained reviewers (RG, senior general surgery resident; NWC, colorectal surgery fellow; AP, colorectal surgery attendee), and accuracy was assessed independently by three senior colorectal surgery attendees (PS, SDW, MB). Interrater reliability (IRR) was calculated for each assessment with either intracluster correlation (ICC) or Light's kappa (j) coefficients, where appropriate. Scores for readability, overall suitability, overall quality and accuracy from each reviewer were compared by website affiliation; content was not analysed by affiliation, as there was no summative 'content completeness' score and the assessment was exploratory in nature. Data were treated as nonparametric. Median scores were compared in all four affiliation groups by use of the Kruskal-Wallis test with a = 0.05. All statistical analyses were performed using R v.3.4.1 (R Development Core Team, Vienna, Austria).
Results
Three-hundred and sixty websites were identified from the six searches. The majority were duplicates owing to the overlap in search terms and search engines. Twentyfive of the 117 unique websites met inclusion criteria and were further analysed ( Figure 1 ). The affiliation of included websites was as follows: six (24.0%) academic, four (16.0%) governmental, eleven (44.0%) nonprofit and four (16.0%) private (see Appendix S1 in the online Supporting Information). Only nine (36.0%) websites had been updated in the past 2 years. The authors of the information were not clearly stated in 14 (56.0%) websites, and were variable in the 11 others: three (12.0%) were written by physicians alone, three (12.0%) by nurses alone and five (20.0%) by a multidisciplinary team consisting of physicians and nurses. Only one of those websites explicitly mentioned patient involvement in the development of the information. Assessment of readability demonstrated a median website score of 10.4 (9.2-11.7), which corresponds to a tenth grade (age 15-16) reading level. No website was written at the American Medical Association recommended level of sixth grade and there were no differences by website affiliation (P = 0.16) ( Table 1) .
In applying the SAM instrument, 11 (44.0%) websites were highly suitable, 13 (52.0%) were adequate and 1 (4.0%) was not suitable [median ICC = 0.53 ('fair agreement'), Q1-Q3 0.43-0.59]. Overall suitability was higher among government-affiliated websites than academic, nonprofit or private ones (P = 0.0079; Table 1 ). Figure 2 presents the mean scores from each reviewer for each SAM item. Typography and layout were generally strong (mean suitability scores of 1.92 and 1.55, respectively) while the use of summaries (0.68), graphics (0.43), illustrations (0.62) and interaction (0.47) was poor ( Figure 2) .
In applying the DISCERN instrument to measure website quality, only seven (28.0%) websites had clear aims (explicitly stating what the material is meant to cover and who might find it useful), two (8.0%) reported the sources of information used and eight (32.0%) offered additional sources of material [median ICC = 0.65 ('good agreement'), Q1-Q3 0.53-0.78] (Figure 3) . Websites seldom went into a detailed explanation of the various treatment options; 11 (44.0%) explained how each treatment worked, and no website consistently explained the risks associated with treatment. In total, only four (16.0%) websites were rated as good/excellent in overall quality (Figure 3) , and overall quality was highest among government-affiliated websites (P < 0.001; Table 1 ). The accuracy of websites was generally high. The median accuracy of all websites was 93.8% (88.2-96.7%) [median ICC = À0.54 ('fair agreement'), P = 0.83] and was similar across website affiliations (P = 0.57) ( Table 1) . Examples of inaccurate statements identified by the experts included: 'increased flatus as a symptom of LARS', 'most symptoms of LARS tend to improve over a period of months', 'LARS is always treatable/temporary' and 'incontinence is not a common problem of LARS'.
Important content was often missing from websites [median j = 0.66 ('good agreement'), Q1-Q3 0.43-0.83]. Most websites described some of the major symptoms of LARS, but only 10 (40.0%) described all five symptoms included in the LARS score (Table 2) . Frequency (92.0%) and urgency (88.0%) were the most commonly listed, while incontinence to flatus (60.0%) and clustering of bowel movements (64.0%) were less commonly discussed. Websites were poor at discussing the incidence of LARS (24.0%) or any risk factors for LARS (40.0%). For treatment, the majority discussed medication (e.g. loperamide) (68.0%), stool bulking agents (64.0%), dietary changes (80.0%), perianal skin management (60.0%) and pelvic floor exercises (60.0%). More aggressive treatment modalities were infrequently mentioned, such as enemas/rectal irrigation (16.0%), neuromodulation [sacral neuromodulation (SNM)/percutaneous tibial nerve stimulation] (8.0%) or colostomy (4.0%) ( Table 2) .
Taking into account all assessments, three of the highest rated websites based on the assessments and expert opinion are presented in Table 3 .
Discussion
This study systematically reviewed the Internet for online health information for patients with LARS, with the purpose of identifying the highest quality websites for this audience and highlighting major strengths and deficiencies in what is currently available. LARS is a common and often chronic condition facing survivors of rectal cancer surgery and, given the difficulties in managing symptoms, patients are often left troubleshooting for solutions. While the Internet has become a powerful tool for medical information [26] , its ability to help patients become better informed and more involved in their personal healthcare is very much contingent on the individual website's understandability, content and accuracy. Suboptimal online health information can have a negative impact on patient care and outcomes [21, 27] . Given that 99% of the US population has graduated from the sixth grade, the American Medical Association recommends that health-related educational materials be written at that level [28] . The current review, which employed eight standardized readability tests in order to improve the accuracy of the analysis, did not report a single website that is written at the recommended sixth grade readability level. The reported median readability of 10.4 (tenth grade reading level) suggests that 5-7% of the US population over 18 years of age would not be able to read the materials, based on 2017 census data [29] . Unfortunately, this is a common problem with patient education materials in colorectal surgery and other fields [17] [18] [19] . Furthermore, only 32% of websites consistently avoided medical jargon, which can pose a large barrier to patient education [30] . There was also a marked shortage in the use of summaries or reviews, both of which have been associated with better retention of knowledge [31] and greater patient engagement in making good healthcare choices [32] .
The quality of websites was assessed using the DIS-CERN instrument. Only 16% of websites were rated as good/excellent overall, and exploring the results of the individual items within the questionnaire revealed many opportunities for improvement. Qualitative research has shown that reliability is a significant patient concern when using the Internet for health-related purposes [33] . In this review, only 8% of websites provided references and 44% were considered to be balanced and unbiased. Providing readers with details regarding the sources of information may reassure them that they are not being misguided. Only 28% of websites offered an introductory statement about the intended target audience and what sort of information will be covered, which can help patients decide whether the information is right for their educational needs. Studies using the DISCERN instrument to assess online health information for other colorectal conditions, such as colorectal cancer, familial adenomatous polyposis and diverticular disease, have highlighted similar important gaps [20, 34, 35] .
Content assessment of health-related websites is debatable [15] , given that websites may not be designed to address an entire health condition but rather highlight particular topics within it. For this reason, we did not report the proportion of 'content completeness' for each website as this incorrectly assumes that each website was designed to be a comprehensive review of the condition. Nonetheless, we wanted to provide a descriptive overview of aspects of the condition which are poorly represented in the current body of online health information, as has been done in similar recent analyses [20] . For instance, the term 'low anterior resection syndrome' was only described in 32% of websites, while the rest gave no specific name to the entity of impaired bowel function after rectal cancer surgery. While this term was only recently popularized (in 2012) [3] , it points to the outdated nature of most websites. The ability of patients to name their condition may allow them to better identify and communicate with others experiencing similar difficulties. Websites usually listed urgency (88%), frequency (92%) and incontinence to stool (76%) as potential symptoms, but less frequently described incontinence to flatus (60%) and clustering of bowel movements (64%). This is important, as studies exploring both physicians' and patients' perspectives on LARS have shown that physicians grossly overestimate the impact of frequency and liquid stool incontinence on quality of life and markedly underestimate the impact of clustering and incontinence to flatus [36] . Websites also often lacked important information, such as the frequency of LARS and major risk factors for this syndrome; data that can be obtained from recent multicentre studies with long-term follow-up [4, 7, 9] . Furthermore, interventional treatment strategies, such as neuromodulation and colostomy, were seldom listed. Although both are considered options of last resort [37] they are within the scope of knowledge that a patient may expect from an informational page on LARS. When websites were compared by affiliation, governmental websites scored highest in overall suitability and quality. One can hypothesize that governmental organizations have more designated funding and infrastructure to construct a website that is well suited for patients than do academic or private institutions. However, readability remained an issue irrespective of website affiliation and should be an area of focus in future patient-oriented materials on LARS. In a similar analysis performed on online health information for pancreatic cancer treatment, readability of government-owned websites was found to be easier than academic and media-affiliated websites but harder than those owned by nonprofit organizations [19] .
The strengths of this study are that it used a systematic search strategy to identify all potentially relevant websites on LARS, that three reviewers independently performed each assessment and that multiple validated assessment tools were used to evaluate all important aspects of what makes a successful health information website for patients. However, there are several limitations to this study. Our search was limited to English-language, publically accessible websites that were identified by searching the Internet in two Canadian cities on two discrete dates. The results from any search engine such a Google may vary depending on the search terms and the geographical location of the search, and despite evaluating the first 60 hits from each search it is possible that some important websites were missed. We also did not systematically search through social media platforms. While Twitter and others have become prominent sources of medical information [38] , we felt that we would not be able to submit these posts to our assessments. There was also a varying degree of disagreement between reviewers using each instrument. This can be expected in these kinds of analyses [20] , and is inherent to the subjective nature of many of these assessments, despite the instruments' attempts to base evaluations on objective criteria. Lastly, we did not assess for information on other functional outcomes after rectal cancer surgery, such as sexual or genitourinary dysfunction. Although likely to be less pervasive than bowel dysfunction, both of these outcomes can greatly impact QoL and should comprise part of the materials aimed at postoperative rectal cancer patients.
Conclusion
The Internet can be a very powerful tool to help patients become better informed and more involved in their healthcare. For patients with LARS, where selfmanagement is crucial for successful control of symptoms, the availability of good quality information is important. Based on this review, the current body of online information for patients with LARS is suboptimal. Websites are highly variable, important content is often lacking and the material is written at too complex a reading level for patients. The creation of a 
